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ABSTRACT 
Western chimpanzees (Pan troglodytes verus) compete directly with humans for a 
variety of wild growing plants in the Tomboronkoto region of southeastern Senegal. Due to 
political, economic, and demographic factors, the number of people collecting the fruit of the 
Saba senegalensis vine, an important food for chimpanzees and humans at a time of limited 
food diversity, is increa ing at a rate that may not be sustainable (Knutsen 2003). For 
humans, the fruit represents a much needed source of income at a time when crop stores are 
depleted and new crops have yet to produce. Often collected by women, the income derived 
from the Saba senegalensis harvest is used to buy clothing, food, and medicines (Knutsen 
2003). 
As important a Saba senegalensis is to humans, it may be vital to chimpanzees. 
During the months of May, June and July, seeds of the Saba senegalensis were found in 
87%, 89% and 95% of all fecal samples collected respectively, between 2001 and 2004 
within the Tomboronkoto region (Pruetz 2005). No other food ource was found in more 
than 50% of fecal ample in a month over that same time period, highlighting the 
importance of the fruit to chimpanzee diet (Pruetz in pre s). A Saba senegalensis is 
removed from the area, decrea ing the number of seed available for germination, human 
and chimpanzee may be forced to face a future without thi vital fruit. 
The goal of thi project wa to examine chimpanzee and human extraction of Saba 
ene ale11 is and more fully comprehend human u e of the wild re ource within the home 
rang of th Fongoli chimpanze community. Specific re earch objective were to 
d t rmin : 1 amount f Saba enegalen i extracted by chimpanzee and human ; 2) 
X 
habitat use by chimpanzees and humans during Saba senegalem·is season; and 3) the 
importance of Saba senega/ensis and other wild plants to humans inhabiting the area. By 
integrating ecological and cultural anthropological field techniques, the intention of this 
study was to analyze the Saba senegalensis system in an effort to anticipate future 
chimpanzee and human behavior and apply results to subsequent conservation plans. 
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available for germination human and chimpanzee may be forced to face a future without 
this important food. 
The goal of this project wa to examine chimpanzee and human extraction of Saba 
senegalensis and more fully comprehend human use of the wild resources within the home 
range of the Fongoli chimpanzee community. Specific research objectives were to 
determine: 1) amounts o( Saba senegalensis extracted by chimpanzees and humans; 2) 
habitat use by chimpanzees and humans during Saba senegalensis season; and 3) the 
importance of Saba senegalensis and other wild plants to humans inhabiting the area. By 
integrating ecological and cultural anthropological field techniques, the intention of this 
study was to analyze the Saba senegalensis system in an effort to anticipate future 
chimpanzee and human behavior and apply results to subsequent conservation plans. 
The Conservation Status of Primates Today 
According to the World Conservation Union, nearly half of all primate species are of 
serious conservation concern and face some type of threat (IUCN 1996). Deforestation, 
timber extraction, hunting, fire, and illegal collection for the pet and medicinal trade have led 
to rapidly declining primate populations (Cowlishaw and Dunbar 2000, Chapman and Peres 
2001 ). Furthermore, the combination of an increasing human population and worsening 
financial situation is causing more people living in sub-Saharan Africa to meet their day-to-
day needs through the exploitation of "free" wild resources (Hutton and Leader-Williams 
2003), often competing directly with primates. 
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Figure I: Pan troglodytes verus. Adolescent male "Nyege". 
The status of great ape populations is particularly bleak. For example, orangutans 
(Pongo pygmaeus) in Southeast Asia have lost over 80% of their habitat within the past 20 
years due to rampant deforestation and massive fires (Johnson et al. 2005). Recent estimates 
suggest that if threats to orangutan habitat are allowed to continue, this species will become 
extinct within the first part of the 2151 century (Johnson et al. 2005). Gorillas (Gorilla 
gorilla) also face an uncertain future. In Uganda, political instability, agriculture, and mining 
projects have combined to decrease the amount of habitat available to mountain gorillas 
(Gorilla g. beringei) where it is estimated that fewer than 700 individuals remain (Steklis and 
Gerald-Steklis 2001). Accurate estimates of bonobo (Pan paniscus) populations within 
Democratic Republic of Congo, have been difficult to come by due to the political situation. 
There is only one forest reserve at the national level protecting bonobos, and logging 
operations and agriculture have significantly decreased the amount of forest habitat within 
their geographic range (Furuichi 2003). Chimpanzees face many of these same issues. 
Ranging from the Gulf of Guinea to Tanzania, chimpanzees inhabit areas that are 
among the most biologically diverse and threatened in the world (Kormos 2003). Over the 
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past 30 years, human activities have caused chimpanzee populations to decline by more than 
66%, to fewer than 200,000 individuals (Kormos 2003). Of the four sub-species of 
chimpanzees, Pan troglodytes verus (Figure 1) and Pan troglodytes vellerosus, the western 
and Nigerian chimpanzees respectively, are the most critically endangered (Kormos 2003). 
Relatively little is known 'about the Nigerian chimpanzee, as political situations have 
kept scientists and conservationists from conducting research within Nigeria (Oates et al. 
2003). Oates et al. (2003), using estimations from the Federal Ministry of the Environment, 
believe there may be at least 2000 chimpanzees living in the southern part of the country. 
Because of the large and growing human population and the relatively high level of 
economic development, these chimpanzees are highly endangered (Oates et al. 2003). 
Habitat loss, hunting, and economic development such as oil extraction pose major threats to 
the long-term survival chances of this largely unknown subspecies (Oates et al. 2003). 
The remaining 38,000 western chimpanzees are similarly threatened (Butynski 2003). 
Agricultural expansion in Guinea-Bissau and Sierra Leone threatens the survival of the few 
remaining chimpanzees there (Gippoliti et al. 2003, Hanson-Alp et al. 2003), while timber 
extraction has led to the isolation and decline of chimpanzee communities in Ghana 
(Magnuson et al. 2003). The hunting of chimpanzees for bushmeat in Liberia has 
significantly contributed to a reduction in populations (Nisbett et al. 2003). Further 
exacerbating the problem, civil disturbances due to military and paramilitary activities have 
resulted in the displacement of many people, increasing deforestation and commercial 
hunting (Nisbett et al. 2003). In several West African nations, anthropogenic activities have 
proven too destructive. Deforestation and hunting in Benin, Burkina Faso, and Togo have 
cau ed local chimpanzee populations there to become extinct (Brownell 2003). 
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While the majority of western chimpanzees inhabit the forests of Cote d'lvoire and 
Guinea, the Sudo-Guinean environs of Senegal host fewer than 400 individuals (Carteret al. 
2003). Habitat destruction and alteration is thought to be the major threat to the long-term 
survival of chimpanzees in Senegal, as most populations live in the vicinity of small patches 
of forest and are becoming increasingly isolated as the destruction of corridors reduces 
chances for genetic exchange (Carteret al. 2003). While hunting does not appear to be a 
current threat, competition with humans over access to critical resources does (Carteret al. 
2003). In many areas, chimpanzees and humans share a variety of resources including water, 
honey and wild fruit species (Carteret al. 2003). The inability of chimpanzees to access 
these important resources could have several consequences . . For example, chimpanzee 
groups moving out from their traditional range in an effort to find sufficient foods may come 
into territorial conflict with neighboring communities (Carteret al. 2003). Additionally, the 
lack of adequate resources may increase the amount of crop raiding, reducing the tolerance of 
humans for the presence of chimpanzees within their region (Carter et al. 2003). 
The Importance of Conserving Chimpanzees for Human Evolution 
The combination of a growing paleoanthropological fossil record and advances in 
genetics has changed the way in which human evolution is viewed. Paleoanthropologists 
continue to discover fossils and debate ages of the earliest hominids (Brunet et al 2002). 
Using mitochondrial DNA analysis, Ruvolo (1994) claims chimpanzees and humans shared a 
common ancestor as recently as 5-6 million years ago. Further studies have shown that 
chimpanzees and humans differ genetically by approximately 1.24%, while chimpanzees and 
gorillas differ by 1.63% (Chen and Li 2001). 
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Increa ingly long-term primate field tudies have ought to further our understanding 
of human evolution. Wrangham (1987) li ted three way in which chimpanzee field studies 
have been used to recon truct early hominid societies. By providing models for behavior, 
testing hypotheses, and directly comparing chimpanzee and humans, anthropologists have 
attempted to establi h phylogenetically conservative traits (Wrangham 1987). For example, 
after observing chimpanzees successfully raid and eliminate a neighboring community of 
chimpanzees at Gombe National Park in Tanzania, Wrangham and Peterson (1997) 
concluded that violence might be an evolutionary adaptation in humans, useful in protecting 
feeding sites and acquiring females. Likewise, coordinated hunting had long been thought of 
as an activity that separated humans from other primates until chimpanzees were regularly 
observed working in coordinated parties in order to capture and eat colobus monkeys 
(Boesch 1994, Stanford 1998). Similarly, the regular use of tools was once believed to be a 
strictly human endeavor. The discovery of behaviors such as termite fishing (Goodall 1964), 
nut cracking (Boesch and Boesch 1981), and ant dipping (McGrew 1974) with the aid of 
tools has caused a reevaluation of human uniqueness (McGrew 1992). Moreover, studies 
have used chimpanzees as models to better understand early hominid diets (Rodman 2002, 
Stanford 2001) and gain insight into adaptations such as bipedalism (Kingdon 2003, Stanford 
2003) and social organization (Wrangham 1987). 
The results of these studies have led many to use chimpanzees as referential models 
for the last common ancestor of apes and humans (Zihlman 1996). While these models have 
been questioned (Potts 1987), understanding the factors that influence extant ape behavior 
allows researchers to determine possible scenarios of hominid evolution and adaptation based 
on environmental variables (Wrangham 1987). 
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Chimpanzees living in Senegal may be particularly useful in furthering our 
understanding of human evolution (McGrew et al. 1981). According to Van Couvering 
( 1980), the earliest hominids emerged from areas featuring a mosaic of habitats including 
open plains, woodland, and gallery forests. These habitats are similar to those inhabited by 
chimpanzees in Senegal (McGrew et al. 1981, Pruetz et al. 2002, Hunt and McGrew 2002). 
Despite this, only two long-term studies are currently focusing on savanna chimpanzees 
(Hunt and McGrew 2002, Pruetz et al. 2002). 
History of Chimpanzee Studies in Senegal 
De Boumonville (1967) conducted the first survey of chimpanzees in Senegal and 
reported that the apes were present at Pare National du Niokolo Kobo (PNNK) and the areas 
surrounding it in the southeast part of the country. From 1976 through 1979, the Stirling 
African Primate Project (SAPP) undertook the first long-term study of chimpanzees in 
Senegal at Mt Assirik in PNNK (Baldwin et al. 1982). Given this was the hottest, driest, and 
most open habitat in which chimpanzees had been studied (McGrew et al. 1981), preliminary 
research focused on behavioral differences between the chimpanzees here and at other sites 
throughout Africa (McGrew et al. 1981, Baldwin et al. 1981, Tutin et al. 1983). Findings 
revealed that chimpanzees at Assirik had larger home ranges, lower densities, and smaller 
party sizes than chimpanzees at other sites (Baldwin et al. 1982). 
Few research projects focused on chimpanzees in Senegal over the 20 years following 
the close of the SAPP project. In 1986, Bermejo and colleagues (1989) initiated a 19-month 
study of the chimpanzees at Mt Assirik, focusing on tool use behavior. Ndiaye spent 80 days 
between March 1998 and March 1999 surveying chimpanzees and interviewing local people 
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at 54 villages in and around PNNK, Pays Bassari and the areas south of the Faleme River 
(Carter et al. 2003). In 2000, the Miami Assirik Pan Project (MAPP) conducted a survey of 
savanna chimpanzees in the southeastern portion of Senegal and compared chimpanzee 
densities within PNNK and areas outside of the park (Pruetz et al. 2002). The results of the 
study led to the establishment of the Fongoli Chimpanzee Project by J. Pruetz of Iowa State 
University. 
The Chimpanzees of Fongoli 
Since 2001, study of the Fongoli community of chimpanzees has been continuous. 
Nesting behavior (Pruetz et al., in prep), habitat use and ranging behavior (Pruetz, in 
progress), tool use and termite fishing (McGrew et al. 2005, Bogart, in press), cave use 
(Pruetz 2003), group size (Piel 2004), feeding behavior (Pruetz 2005) and competition with 
humans over scarce resources (Knutsen 2003, Pruetz 2002, this study) have been focused 
upon. Field observations have led to the identification of a minimum of 27 chimpanzees 
(Pruetz 2005) in this community. Nest surveys conducted throughout southeastern Senegal, 
however, have concluded that chimpanzees in the region occur at a density of 0.09 
individuals per km2 (Pruetz et al. 2002), suggesting that the Fongoli site may be an area of 
relatively high chimpanzee density compared to other sites in Senegal. 
Unlike most chimpanzee study sites, the ratio of males to females is high (Pruetz, 
unpublished data). Reasons for this are unknown but may be related to the killing of mothers 
and the extraction of infants for sale as pets or a bias in habituation regarding males (Pruetz, 
personal communication 2005). Other primates living within the area include Guinea 
9 
baboons (Papio hamadryas papio), vervet, or green monkeys (Chlorocebus aethiops), patas 
monkeys (Erythrocebus patas), and the northern lesser bush baby (Galago senegalensis). 
Located in the Tomboronkoto region of southeastern Senegal, the Fongoli study site 
(12° 39'N 12° 13'W, Figure 2) is best characterized as a heterogeneous landscape consisting 
of a mosaic of disturbed (land that has been altered for agricultural purposes), plateau, 
grassland, woodland, ecotone, and gallery forest habitats (Pruetz et al. 2002). Pruetz (2005) 
describes the area as transitional, with Sudanian and Sudo-Guinean vegetative characteristics 
dominated by patches of woodland and grassland. Water runoff from the open plateaus has 
created narrow gallery forests (Hunt and McGrew 2002) that supply chimpanzees with 
essential food and shelter (i.e. caves and nesting trees) (Pruetz 2005) . 
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Figure 2: Senegal, with red arrow indicating the Fongoli Study Site. 
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The Fruit of Saba senegalensis 
Saba senegalensis is characterized as an upland evergreen species that continuously 
replaces its leaves (de Bie et al. 1998). The fruit of the Saba senegalensis vine varies in size, 
but averages 7.6 em in length, 6.3 em in width and has an average weight of 197 grams 
(Pruetz, unpublished data). Initially green, the fruit changes to an orange color as it ripens. 
The exterior of the fruit is hard and can be difficult to open. Each fruit contains an average 
of 21 large seeds with relatively little fleshy pulp (Knutsen 2003). The vines grow over 20 
meters in length and the fruit can be found from ground levels to the highest point of the 
vme. 
Fongoli chimpanzees appear to depend on the fruit of Saba senegalensis in May, 
June, and July. Based on the analysis of 1007 chimpanzee fecal samples collected from May 
2001 through July 2004, Pruetz (2005) found that chimpanzees at Fongoli dispersed seeds of 
more than 35 fruiting species. Four foods, Ficus species, Lannea species, Adansonia digita, 
and Saba senegalensis, were found in greater than 50% of fecal samples in more than one 
month per year and were therefore considered the most important foods (Pruetz 2005). 
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Figure 3: Orphaned chimpanzee infant eating Saba senegalensis fruit. Photo courtesy of Paige Knutsen. 
Humans use Saba senegalensis fruit in a variety of ways. As the fruit ripens at the 
beginning of the wet season, people living in the area gather the fruit for sale or personal 
consumption. It is commonly harve ted and eaten straight from the vine or later mixed with 
ugar and water to make juice. For many people, it is an ingredient in daily meals and, along 
with other wild re ources, con titutes an important nutritional addition to the diet (Knutsen 
2003). Political in tability in the Casamance region of southern Senegal, where Saba 
senegalensi wa traditionally harve ted, created a niche for extraction of the fruit in the 
Tomboronkoto region (Peter Stirling, per onal communication, 2004). Harvested during the 
tran ition from dry to wet ea on (May-June), a time when crop store are depleted and 
field ha e yet to produce, Saba senegalensis has become a valuable ource of income for 
rural inh bitants. The alue of a 50-kg ack of Saba senegalensis (approximately 500 fruit) 
vari dep nding on the market perception of upply and demand and can range from CFA 
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2500 (US$5.00) to CFA 15,000 (US$30.00) (Knutsen 2003). Because it is shipped to far-off 
markets such as Dakar and Bamako, Mali (Knutsen, 2003), it is often picked before it is ripe. 
The People of Tomboronkoto 
According to Sall (2000), 16 different groups of people, each with a unique language, 
live within Senegal. The Malinke, Bedik, Bassari, Diakhanke and Peul people live in 
southeastern Senegal. They are horticulturalists in general, growing millet, peanuts, corn and 
cotton (Sall 2000). Population density in the Tomboronkoto region is less than 10 people per 
km2 (Sa112000), but, as stated previously, is growing rapidly. Approximately 10 km north of 
the town of Kedougou, the largest city in southeastern Senegal and the economic hub of this 
part of the country, several small villages occur in or near the Fongoli community of 
chimpanzees ' core range. The majority of the people who live there are Malinke, Bassari, or 
Peul and engage in subsistence farming (Figure 2), pastoralism, or gathering to provide food 
or money. 
Figure 4: Young men clearing land for agriculture 
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Hunting occurs at the Fongoli study site although the number of animals harvested is 
unknown. Shotguns are commonly used, as are dogs. Often times, packs of dogs will tree a 
vervet or patas monkey (Pruetz, personal communication) before the hunter approaches and 
kills it. Other mammals are hunted opportunistically, including bushbuck (Tragelaphus 
scriptus), warthogs (Phacochoerus aethiopicus) and porcupines (Hystrix cristata). 
Chimpanzees are not regularly hunted partly due to the belief that they are closely related to 
humans (Clavette 2003). One belief claims that chimpanzees are humans who were afraid of 
going through the initiation ceremony that marks the transition from childhood to adulthood. 
This resulted in banishment from their village forcing them to become "tree dwellers" living 
in the bush (Clavette 2003). 
While the perception of chimpanzees as closely related to humans may prevent them 
from being hunted, it does not protect them completely. Interactions where chimpanzees are 
considered threats may result in the death of a chimpanzee. In one example from a different 
site in southeastern Senegal, a male chimpanzee was intimidating local women at a water 
hole and was eventually shot by the village leader. Interestingly, the villagers who shot the 
chimpanzee searched for the body with the intention of burning or burying it but it was never 
found (Clavette 2003). 
As more humans in southeastern Senegal are forced by situations of extreme poverty 
to enter the bush in search of scarce resources, such as the fruit of the Saba senegalensis, 
more confrontations like the one mentioned above, can be expected. Increased deforestation 
and scarcity of food sources combined with rising agonistic relations with local people does 
not bode well for the Fongoli chimpanzee community. Conservation plans that address these 
threats are essential if these chimpanzees are to survive. 
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CHAPTER2 
PRIMATE CONSERVATION: LITERATURE REVIEW 
Across Africa dramatic changes in ecosystems are occurring. As a result of the 
growing human population, more grasslands are being tilled, more trees felled and more 
animals hunted. In areas where agriculture and grazing predominate, wild animals are 
thought to compete directly with livestock, cause crop damage, and harbor diseases and are 
therefore considered without value (Prins and Grootenhuis 2000). Thus, animals have been 
allowed to dwindle due to habitat loss where they haven't been actively persecuted (Prins and 
Grootenhuis 2000). People concerned with these trends have recognized the need to develop 
strategies to stem the decline of Africa's wildlife. 
Poverty and the Environment 
The worldwide crisis in conservation is perhaps most clearly demarcated in Africa. 
Human population growth rates and worsening financial situations have caused more people 
to rely on natural resources for survival (Hutton and Leader-Williams 2003). According to 
the World Bank1, 702.6 million people live in sub-Saharan Africa, with a 2003 Gross 
National Income (GND per capita of US$490. The average annual population growth in 
Africa from 1997-2003 was 2.3%. Sub-Saharan Africa is growing by over 16 million people 
per year. Additionally, growing external debt is preventing many governments from 
addressing ba ic human needs such as clean water and education (Stuart et al. 1990). 
1http://web.worldbank.org/WBSITFJEXTERNAUCOUNTRIES/AFRICAEXT/-accessed 3/13/05 
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Each year, the countries of sub-Saharan Africa return an average of 58% of their Gross 
National Product in repayment of foreign debts (Stuart et al. 1990). In Senegal, the 2003 
human population was estimated by the World Bank1 to be 10 million with an annual growth 
of 2.3% and a GNI per capita of US$550. 
Poverty of this magnitude is correlated with environmental degradation (Infield 
2001). Forest loss in Africa between 1980 and 1995 was estimated at 10.5% (Chapman 
and Peres 2001 ). MacKinnon and MacKinnon ( 1986) estimated land cover changes and 
concluded that only 39.6%, or 7.8 million km2, of original wildlife habitat remained in sub-
Saharan Africa. In Senegal, the amount of habitat conversion was even greater. Of 
the original196,000 km2 of wildlife habitat, 82% has been lost (MacKinnon and MacKinnon 
1986). These may be conservative estimates given they are based on major changes in land 
cover but fail to consider less destructive changes in land use (Perrings 2000). 
Threats Facing Primates 
Deforestation and over hunting have been the major causes of species extinction 
worldwide (Perrings 2000) and significantly contributed to the recent extinction of a primate 
species, Miss Waldron's red co lobus (Procolobus bad ius waldroni), in Ghana and Cote 
d'lvoire (Oates et al. 2000). Agriculture, usually in the form of shifting cultivation, is the 
main form of deforestation and is practiced primarily by small-scale farmers throughout sub-
Saharan Africa (Cowlishaw and Dunbar 2000). This practice, (also termed slash and bum, 
• http://web. worldbank.org!WBSITEIEXTERNAL/COUNTRIES/ AFRICAEXT /-accessed 3113/05 
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or" widden," agriculture) involves clearing small patches of forest where crops are planted 
for two or three years until soil fertility is reduced or other plants have re-colonized the area. 
The patch i then abandoned and cultivation does not resume for approximately ten year 
(Cowli haw and Dunbar 2000). At low population den ities, shifting cultivation has little 
impact on deforestation (Rijk en 1978). A populations increase and the land i more 
in ten ely farmed, however, this type of agriculture become a major cause of deforestation 
(Cowli haw and Dunbar 2000). Consequently, countries with primate population are losing 
125,140 km2 of fore t annually (Chapman and Pere 2001). 
While defore tation due to agriculture often act a the "final traw", primate 
population decline i u ually initiated by timber extraction and hunting (Chapman and Pere 
2001 ). The Food and Agriculture Organization (1999) as e sed fore t resource in the 
tr pical countrie worldwide and found that between 5 and 6 million hectare of tropical 
f re t are logged each year. Chapman and Pere (200 1) e timated that logging account for 
appr imately on -third of the I 85,000 km2 of tropical fore ted areas completely defore ted 
annually. E en the e tra tion of only a few tree can be as ociated with ub tantial damage 
due t I gging pr e e . For e ample, during the remo al of approximately 4~ of a fore t 
tand in ala ia, r 50 'A f th tre were damaged John 1988). Additionally, opening 
1 gging reate r d , hi h promote hunting Pete on 2003) and alter the 
, tru tu f th t, nd rin0 it m re u ptible to ftre P rring 2000 . 
r many pl living in rural me 1 rom hunting ild animal ( nown 
.. u. hm t .. i hi hJy valu In tb ongo b in, bu hm t m y ount or 
im p l m pl t aL _ 3 . In addition, th "alu 
( an durin urn It}. u h "' n gri ullura1 pr u lion i 
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low (de Merode et al. 2004). A recent study conducted in the five nation compri ing the 
Congo basin found that dependence on bu hmeat was due to the inability of four of the five 
countrie to produce ufficient amounts of non-bu hmeat protein and that, at current 
exploitation rate , the bu hmeat protein upply would decrea e by 81% over the next 50 
year (Fa et al. 2003). 
Primate , due to their gregariou ocial nature and loud vocalization , are often ea y 
target for hunter (Muchaal and Ngandjui 1999). Fa and colleagues (1995) conducted a 
urvey of two citie in Equatorial Guinea with a combined population of l07 ,000 people and 
recorded 4,222 primate care ale over 424 days. The e number likely 
undere timate the amount of primate hunted a urvey in Democratic Republic of Congo 
f und that 57% of primate hunted were eaten within village and did not make it to the 
market ( hapman and Pere 2001 ). A the number of people living in extreme poverty 
(under 1 per apita per day) increa e , o too will threat facing primate (de Merode et 
al 2004. 
Th mpetition h alway be n controversial, with orne e o1ogi t 
d linin it th imp1 re tri tion fa pe i ' di tribution due to another pecie pre en e, 
di mi mpl t l) omm rand orrn 2002). For thi 
tud:. m th intern ti n berne n two or m re pel th t re uh 
in th urc or pa du to th u ord en 0 th 
r th th r Prh n t tion or hunting. 
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competition between humans and primates over wild resources may also contribute to 
declines in primate populations. 
The direct use of wild growing plants remains a necessity for many people living in 
sub-Saharan Africa (Wild and Mutebi 1996). Consequently, as human populations increase, 
people will encroach further into the remaining fragments of wilderness and exacerbate 
conflict with wildlife (Hutton and Leader-Williams 2003). For example, the exploitation of 
plants by humans in Burkina Faso has caused a scarcity of natural flora that subsequently 
contributed to a reduction in gallery forests and biodiversity there (Taita 2003). 
Contemporary studies of wild plant use by humans in rural African situations 
demonstrate the value of such resources. For example, de M.erode and colleagues (2004) 
examined the value of wild foods to rural households living in Democratic Republic of 
Congo and found that plants contributed 9.6% of the total value of the food consumed in the 
household. Their findings also showed that, among the poorest people, wild growing plants 
accounted for over 30% of the income from markets (de Merode et al. 2004). Furthermore, 
the authors found that the value of plants consumed and sold varied seasonally (de Merode et 
al. 2004). During periods of food scarcity, namely, when crop stores had been depleted the 
cost increased by up to 233% (de Merode et al. 2004). Similar reliance on wild resources has 
been shown in Tanzania. Researchers there found that rural villages in agriculturally 
marginal settings rely on wild honey, fruits, charcoal and firewood for nearly 60% of their 
total income (Monela et al. 1999). For some in southeastern Senegal, wild growing resources 
may be the only source of income once crop stores have been used (personal observation). 
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Saba senegalensis 
Competition between chimpanzees and humans over natural resources in Senegal 
includes water, wild honey and the fruit of the Saba senegalensis vine (Carteret al. 2003). 
Knutsen (2003) analyzed the Saba senegalensis economic system in southeastern Senegal, 
paying particular attention to the levels of harvest and whether they were sustainable. She 
found that Saba fruit plays an important economic role for the people inhabiting the area but 
that the amount of fruit extracted might not be sustainable in the long-term (Knutsen 2003). 
Additionally, while men run the most profitable areas of the Saba senegalensis trade, women 
are able to earn a substantial income through personal harvesting (Knutsen 2003). This is 
significant as women are often left to provide the daily food, medicinal, and clothing needs 
for their children (Knutsen 2003). 
Figure 5: Fruit, leaves and flowers of Saba seneJ?alensis. Photo by Jill Pruetz 
According to Knutsen (2003), there are two techniques for harvesting the fruit of the 
Saba senegalensis vine (Figure 5). Harvesters can climb up the vines or a nearby tree, 
handpick the fruit, and drop it to the ground where it will be picked up later. Another method 
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involves the use of a bamboo pole. One end of the pole is modified, either with a blade 
(personal observation) or bent into a hook shape, and secured with bark sinew (Knutsen 
2003). The pole is then hoisted into the vines, hooked around the stems of the fruit, and 
pulled to the ground. The fruit is collected in 50-kg nylon rice sacks and walked back to the 
village or nearest buying station where a "middleman" purchases the fruit (Knutsen 2003). 
The fruit remains there until it is picked up for transport to the larger markets in Dakar and 
other cities. Knutsen (2003) estimated that each truck could carry 300 sacks or 
approximately 150,000 fruit. Overall, she extrapolated that the approximately 300 people 
who live within the 50 km2 Fongoli study area extract approximately 761,000 fruit, or nearly 
16 million seeds annually (Knutsen 2003). She also notes th~t this is most likely a 
conservative estimate that does not factor in outsiders who regularly enter the area to harvest 
(Knutsen 2003). 
Conservation Tactics 
In their book, The Myth of Wild Africa, Jonathan Adams and Thomas McShane 
(1992) describe a painting by Henri Rousseau entitled The Dream (Figure 6). The painting 
depicts a moonlit jungle bathed in shades of green, with ferns and orchids framing a naked 
woman reclining on a couch, her arm extended toward a dark-skinned man dressed in a loin 
cloth and playing the flute. Based on the account of 191h century explorers, The Dream 
illustrates the invented European image of a mythical Africa teeming with wildlife; a myth 
that suggests a place in need of protection from the hand of humans and ignores the reality 
that African communities have coexisted with wildlife for millennia before the coming of 
Europeans. 
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Figure 6: Henri Rousseau, The Dream ( 191 0) 
The goal of the Adams and McShane (1992) book is to evaluate the sustainable use of 
wildlife in Africa as it once occurred. They suggest that, due to extreme poverty in Africa, 
preservationist strategies that fully prohibit the use of resources by the world's poorest 
citizens are unethical and bound to fail. If people's needs are not in some way addressed, 
claim the authors, preservation will become less and less pragmatic. They suggest sustainable 
development as a viable and ethical alternative for conservation in Africa. 
John Oates (1999) presents a different view in his book Myth and Reality in the Rain 
Forest: How Conservation Strategies Are Failing in West Africa. His contention that 
development and conservation are agonistic stems from more than 30 years of working in 
Africa. He claim that the real myth is that both people and wildlife can benefit from a 
policy that i de igned with the intention of making those involved feel good. Citing 
numerou example of development project that have negatively affected wildlife, Oate 
point to India as an alternative. Faced with imilar problems (i.e. growing human 
population, ineffe ti e go emment, and extreme poverty) rhino , tigers, and crocodile are 
re o ering due to con ervation that i based on ba ic protection. 
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The books by Oates and Adams and McShane exemplify one of the major debates 
swirling through conservation biology today. Faced with increasing populations, dwindling 
budgets, and ineffective bureaucracies, conservationists must consider a complex tangle of 
factors before arriving at a plan that best serves all parties. Furthermore, the rights and needs 
of people inhabiting the areas of greatest concern must be addressed. The goal here is to 
examine the debate between sustainable use conservation and the basic protection of wildlife. 
Preservation 
Initiated largely on the writings of Thoreau, Emerson, and Muir, early conservation 
efforts in the United States were based on romantic notions of the intrinsic value of land (Van 
Dyke 2003). Aldo Leopold (1966) described this value in a philosophical sense, "It is 
inconceivable to me that an ethical relation to land can exist without love, respect, and 
admiration for land, and a high regard for its value" (pp. 261, 1966). Thus was born the land 
ethic that has shaped conservation biology (Van Dyke 2003) and significantly affected the 
ideology behind the preservationist agenda. 
The establishment of Yellowstone National Park in 1872 set a precedent for federal 
governments worldwide that has led to the legal protection of areas deemed important (Van 
Dyke 2003). Due to the hard work of many, there are nearly 13,000 protected areas over 
1000 ha in ize covering more than 8.8% of the earth's surface (Hutton and Leader-Williams 
2003). Thi work appear well ju tified. In a tudy of the effects of human colonization on 
the abundance and di er ity of mammal in Amazonia Aparecida-Lopes and Ferrari (2000) 
urv yed mammal at five ite with differing degree of human di turbance. Site were 
ranked b ed on amount of fore t di turbance (meaning alterations to vegetation cover due 
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to agriculture and logging) and the intensity of hunting (Aparecida-Lopes and Ferrari, 2000). 
Using standard line-transects (1511 km were surveyed), the researchers found that human 
disturbance is the primary factor determining relative abundance and diversity of mammals 
in eastern Amazonia (Aparecida-Lopes and Ferrari, 2000). Noting that primates such as 
capuchins (Cebus) and saki monkeys (Chiropotes) depend on large tracts of forest to obtain 
adequate amounts of fruit, it was not surprising to find them missing from areas where the 
land was largely disturbed (Aparecida-Lopes and Ferrari 2000). 
In a similar study, Struhsaker and colleagues (2005) evaluated problems and 
correlates affecting conservation success in 16 areas within 11 tropical countries in Africa. 
They found that protected areas conserved indigenous rain forest biodiversity more 
effectively than did alternative land uses but not without problems (Struhsaker et al. 2005). 
More than half the protected areas evaluated were ecologically isolated and seriously 
compromi ed by inefficient bureaucracies (Struhsaker et al. 2005). These problems appear 
widespread. Other studies have shown that land adjacent to protected areas also suffers 
severe habitat disturbance. People tend to concentrate activities there cutting protected areas 
off from non-protected zones creating, areas of isolation (Wild and Mutebi 1996). 
For over 130 years, the practice of legally protecting land in the form of national 
park ha been the dominant method of conservation worldwide (Van Dyke 2003). Certainly 
the majority of con ervationi t would prefer to see areas where human use of biodiversity is 
prohibited. A economie have hifted and the con umptive habits of the world's people 
ha e increa ed almo t a rapidly as the population, however, the protection of land alone 
em w efully inadequate a comprehen ive con ervation plan. The famine that gripped 
fri in the 19 0 and re ulted in the death of million exemplifie the need for 
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conservationists to reexamine traditional means of protection and evaluate the social context 
in which any conservation tactic may be implemented (Anderson and Grove 1987). By 
cutting people off from vital resources in times of scarcity, attitudes towards conservation 
grow more hostile (Wild and Mutebi 1996). 
Sustainability 
"Are gorillas more important than people?" Conservationists working in Uganda 
frequently hear this question (Wild and Mutebi 1996). Seemingly in response, the 
Development Through Conservation (DTC) project has supported multiple-use programs 
within two national parks in southwest Uganda in which local people harvest non-timber 
resources (Wild and Mutebi 1996). Initiated in 1988 and undertaken by CARE International 
in conjunction with the Ugandan government and other non-government organizations 
(NGO ), the project has attempted to reconcile local human needs with forest conservation in 
the areas in and around Bwindi Impenetrable National Park and Mgahiniga Gorilla National 
Park (Wild and Mutebi 1996). Both parks support the critically endangered mountain gorilla 
a well a other rare primates, birds, trees and butterflies (Wild and Mutebi 1996). 
According to Wild and Mutebi (1996), the Bakiga, Bafumbira and Batwa ethnic groups live 
adjacent to the forests and have had a long history of exchanging forest resources for other 
good . When the park were created in 1991, the e group of people were forced to bear the 
co t of con ervation (Wild and Mutebi 1996). A a result, the price of wild-gathered 
re our e uch a bamboo and wild honey increased by between 100% and 3000%, while the 
pri e of a ow decrea ed by 300~ (Wild and Mutebi 1996). The e trend led to increase in 
a0 ri ulture, ill gal re ource extraction and ho tility between park official and local people 
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(Wild and Mutebi 1996). In an effort to reduce the problems associated with restricted land 
use, the DTC project integrated human and wildlife factors into a comprehensive 
conservation plan (Wild and Mutebi 1996). An effective method of developing such a plan 
might include a Rapid Vunerability Assessment (RV A). 
An RV A involves the collection of ecological and social data from a number of 
sources. It includes the integration of indigenous and scientific knowledge and is based on 
factors such as the relationships between species' population sizes and habitat specificity, the 
quantities of material available for harvest, plant and animal responses to harvest, human 
demand, and the potential for commercialization (Wild and Mutebi 1996). The DTC project 
conducted an RVA and concluded that the regulated harvest of firewood, honey, fruits, and 
plants used medicinally could be done sustainably, without negative consequences to 
wildlife. 
Various groups define sustainability based on different paths of action for different 
goals (Padoch and Sears 2005). Prins and Grootenhuis (2000) defined it as the: 
"wise use of an animal assemblage ... that is neither 
endangered or vulnerable, in an optimum fashion for the 
benefit of the stakeholder; and in such a manner as to maintain 
ecological processes, to preserve genetic diversity and to 
accommodate the optimum sustainable utilization of all other 
non-vulnerable renewable natural resources in that area" (Prins 
and Grootenhuis 2000, pp 5). 
To orne, however, definitions such as these are often contradictory and vague. According to 
Newton and Freyfogle (2005), sustainability is broadly conceived, need not be linked to the 
land or any ecological cience, and lacks moral components. Additionally, it is consistent 
with the view of human a all-controlling manipulators of the world (Newton and Freyfogle 
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2005), a perspective that created many of our problems in the first place (Ehrenfeld 2005). 
But, as Padoch and Sears (2005) point out, Newton and Freyfogle (2005) limit their 
arguments to North American examples and largely ignore the remaining world. This has 
implications for those rural poor living in impoverished situations who fear that American 
conservationists are only interested in forbidding the use of any wild resource, denying 
millions of people a source of income (Padoch and Sears 2005). In a response to Newton and 
Freyfogle, Ehrenfeld (2005) states that it is the flexibility with which the word 
"sustainability" is imbued that is precisely its strong point. His preferred definition includes 
moderation, frugality and " ... cooperation for the sake of a common good that form moral 
foundations of every high civilization" (Ehrenfeld 2005, pp. 33). Caution is urged, especially 
when the term is coupled with development and the objectives are not clear, but Ehrenfeld's 
inclu ion of morality i consistent with the value-laden roots of conservation biology. 
Largely driven by the colonial plundering of Africa's resources, the wasteful 
con umption of the "developed" nations and the enormous strain on African governments 
created by gigantic debt , Africa' natural habitats are disappearing at a cost paid by those 
who rely on natural re ource for daily u tenance. The morality of conservation plans that 
look to prohibit tho e people (many of whom are among the poorest on the planet) from 
u ing 1 cal land hould be que tioned (Colche ter 2000). True, the low impact u e of wild 
re our by human i a departure from past con ervation practice . However, in place like 
0 and , thi management practice has hown promi e. At Bwindi Impenetrable National 
Park, nfli t between local re ident and park authoritie have decreased ince the park was 
pen d t th u t inable e tra tion of appro ed item (Wild and Mutebi 1996 . Still, tudie 
valuatint> th f u tainable de elopment on biodi e ity rnu t be ongoing. Past 
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experiences have shown that as products become more commercial, the chances for non-
sustainable use increase (Wild and Mutebi 1996). Additionally, increased profitability tends 
to draw more people to forest areas, further straining the land (Oates 1996). The need to 
study relationships between economics, ecosystems and the political/social components that 
bind them is more critical today than ever. 
Human Dimensions 
The relationship between people and the land they inhabit varies between societies 
and over time (Colchester 2000). Due to their reliance on the land for provisions, a sense of 
trust for future generations, and close ties to ancestral lands, indigenous peoples are often 
more respectful of their environments than many "western" societies (Kothari et al. 1996). 
With as much as 85% of protected areas worldwide inhabited by local people (Alcorn 2000), 
conservation issues are not biological problems but people problems (Jacobson and McDuff 
1998). 
The Kayapo people of the Brazilian Amazon present an example of humans who rely 
on subsistence patterns of horticulture, hunting, fishing and foraging to provide the basic 
necessities of life. According to Turner (2003) the men hunt and fish while women are 
responsible for cooking, firewood cutting, planting, weeding and harvesting of gardens and 
foraging for wild products. Because they lead a semi-nomadic life, the Kayapo require large 
areas of land (Turner 2003). In response to a series of events, the Kayapo have come to 
exemplify how indigenous groups may facilitate conservation. 
Since the 1960s there has been consistent pressure on Kayapo lands from ranchers 
trying to clear large tracts of forest for grazing (Turner 2003). In 1971 , the Brazilian 
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g mm nt built th Tran -Amaz nia highway through Kayap land, which re ulted in an 
incre e in the amount f ttl r and pr pect r moving into th ar a (Turner 2003). Gold 
wa di co ered in the lat 1970 I ading to int n e mining activity (Turner 2003). In the 
mid 1980 the World Bank pr po d to build a erie of hydro lectric dam along key river 
that would ha e flooded large area of Kayapo land and deere ed the value of the river 
y tern as a ource of fi h (Turner 2003). 
A Kayapo leader by the name of Payakan may have aid it be t when, touring the 
United State in earch of upport, he quipped, 'The fore t i one big thing· it has people, 
animal and plants. There i no point aving the animal if the fore t i burned down; there i 
no point in aving the fore t if the people and the animal who live in it are killed or driven 
away' (cited in Turner 2003, pp. 399). The Kayapo gathered international upport and took 
back their land from the timber and mining intere t . The dam were not built. The land is 
now a reserve, and the Kayapo have hown how eerningly haple victim can play a 
leading role in the truggle to con erve environment (Turner 2003). Local people in the 
poorest parts of the world can have an impact on con ervation. 
Conclusion 
Primatology's connection to anthropology has been traditionally based on the clues 
extant primates can reveal about human evolution. But, as Schaller (1992) notes, 
conservation problems are economic and social, not biological; a point that presents a unique 
opportunity for collaboration among anthropologists. The fact that primates are among the 
world's most endangered mammals and live sympatrically with humans in many areas 
presents a unique opportunity for collaboration within the discipline. Because of the long 
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CHAPTER3 
CHIMPANZEE FEEDING ECOLOGY: LITERATURE REVIEW 
Because primates are largely diurnal and can be readily habituated, their feeding 
habits can be easily observed (Terborgh and Janson 1986). Fleagle (1988) considers diet the 
most important parameter underlying differences between species. Garber (1987) compared 
differences in diet and foraging patterns from several field studies of primates and found that 
species' variation in resource utilization has been linked to body size (weight), gut size, food 
passage rate, home range area and the costs of locomotion. All of these factors may lead to 
patterns of foraging that include broad or narrow diets, seasonal changes in resource 
emphasis, differences in ranging and foraging between sexes and changes in group size 
(Garber 1987). To successfully conserve primate species, extensive knowledge of feeding 
behavior and ecology is essential (Conklin-Brittain et al. 2000). 
Chimpanzee Diets 
Feeding behavior in chimpanzees is largely influenced by food availability and 
habitat type and varies seasonally (Hurnle 2003). Known primarily as frugivores, 
chimpanzees appear to favor ripe fruits over other available resources (Conklin-Brittain et al. 
2000). Using data summarized from 24 studies at 11 sites, Conklin-Brittain and colleagues 
(2000) found that fruit accounted for an average of 64% of chimpanzee diets. Other foods 
eaten include leaves ( 16% ), terrestrial herbaceous vegetation (THV) (7% ), bark ( 4% ), animal 
prey (4%), eed (3%), and flowers (2%) (Conklin-Brittain et al. 2000). Pruetz (2005) 
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reported similar findings at Fongoli, Senegal. Chimpanzees there were observed feeding on 
fruit (62.5%), leaves (16%), flowers (11 %), invertebrates (5%), pith (3%) and bark (2.5%) 
(Pruetz 2005). Fecal samples collected at the Fongoli study site from 2001-2004 by Pruetz 
(2005) revealed that chimpanzees there fed on at least 50 different plant species in 27 
families. Trees (54%) made up the majority of the species, although shrubs or shrub-like 
trees accounted for 34% of the species utilized (Pruetz 2005). The remaining 12% of species 
was comprised of lianas and herbaceous-level vegetation including grasses (Pruetz 2005). Of 
the 50 different species of plants, chimpanzees utilized 62 different parts, 47% of which were 
fruit (Pruetz 2005). Like other savanna sites (i.e. Sernliki, Uganda: Hunt and McGrew 2002), 
the overall diversity of plant species eaten by Fongoli chimpanzees is lower than most 
forested sites. 
Some plants are eaten throughout the year at Fongoli and considered more important. 
Pruetz (2005) analyzed 1007 fecal samples and found that chimpanzees at Fongoli ate the 
fruit of the genus Ficus in ten months out of the year. Chimpanzees also utilized Ficus 
leaves and inner bark/cambium so that some part of these plants was used year round (Pruetz 
2005). Baobab (Adansonia digitata) trees were also fed upon at different times of the year 
(Pruetz 2005). The fruit is heavily utilized (i.e. found in >50% of fecal samples) during the 
months of November-January, when the dry season is beginning (Pruetz 2005), while the 
flowers are eaten at various times of the year (personal observation). 
Analysis of fecal samples has shown that chimpanzees at the Fongoli study site eat 
the fruit of Saba senegalensis nine months out of the year (Pruetz 2005). Chimpanzees also 
feed on the pith of this plant so that parts of this plant are used in every month (Pruetz 2005). 
The height of Saba senegalensis use comes during the transition from the dry season to the 
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wet season (May-July) when fecal samples revealed that Saba was found in 87%, 89%, and 
95% of all fecal samples for the respective months (Pruetz, unpublished data). As ripe fruit 
specialists (Conklin-Brittain et al. 2000), the spatial and temporal changes in the distribution 
and abundance of fruit such as Saba senegalensis significantly affect chimpanzee behavior 
(Wrangham 1980, Newton-Fisher et al. 2000). 
Food Availability and Behavioral Ecology 
The availability of plant parts in tropical forested areas, with the notable exception of 
mature leaves, bark and pith, fluctuates naturally between scarcity and abundance (Tutin et 
al. 1997). When fruit is increasingly difficult to locate, chimpanzees may resort to eating less 
preferred foods while ranging farther in search of ripe fruit (Conklin-Brittain et al. 2000). 
The term fallback food has been used to indicate a food that plays a prominent role in 
sustaining animals during periods of general food scarcity (Furuichi et al. 2001). 
Fallback foods for chimpanzees have been determined at a number of different sites. 
Wrangham et al. (1993) found that chimpanzees in the Kibale National Park in Uganda relied 
on figs and THY as important fallback foods due to their high availability throughout the 
year. At the Lope Reserve in central Gabon, chimpanzees were also found to rely heavily on 
figs throughout the year, although the availability was unpredictable, and THY was less 
important (Tutin et al. 1997). In Bossou, Guinea, Yamakoshi (1998) found that the fruit of 
Musanga cecropioides and the nuts and pith of the oil palm (Elaeis guineensis) were the 
most important fallback foods. Similarly, Furuichi et al. (2001) found that, as overall fruit 
availability decreased, chimpanzees in the Kalinzu Forest, Uganda left the Parinari 
dominated forests and entered the Musanga dominated forests. This suggests that the fruit of 
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Musanga trees acts as a fallback food for the chimpanzees there as well (Furuichi et al. 
2001). 
At the Fongoli study site, overall food scarcity is thought to occur during the early 
wet season (July-August) when the lowest proportion of fruiting plants is available (Pruetz 
2005). The fruit of the Saba senegalensis vine has been recorded in a high percentage of 
fecal samples during this time of the year suggesting that it may act as an important fallback 
food in June and July (Pruetz, unpublished data). 
Once a fruit such as Saba senegalensis becomes scarce, chimpanzees may be 
predicted to utilize bark and pith (Wrangham et al. 1993). Limited observational data from 
Fongoli has shown that chimpanzees feed on the bark or cambium of at least five different 
plant species and the pith of a sixth (Pruetz 2005). A switch between available food types 
may also be accompanied by observable behavioral changes. 
Behavioral Responses to Food Scarcity 
The fission-fusion social organization which characterizes chimpanzee societies is 
thought to be an evolutionary adaptation that decreases intragroup competition at small 
patches of high-quality food sites and during times of relative food scarcity (Wrangham 
1980). Such grouping allows chimpanzees the flexibility to adjust party size and 
composition based on conditions (Newton-Fisher et al. 2000, Goodall 1986, Furuichi et al. 
2001). Several studies have shown that, as food availability decreases, chimpanzees tend to 
form smaller parties (e.g. Chapman et al.1995, Matsumoto-Oda et al. 1998). For example, at 
theTa! Forest in Cote d' Ivoire, a minor dry season is characterized by a decrease in the 
amount of fruit available when compared to other times of the year (Doran 1997). During 
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this time of relatively scarce resources, Doran (1997) found that chimpanzees spent more 
time alone and spent more of the day foraging than during periods of relative resource 
abundance. Matsumoto-Oda and colleagues ( 1998) compared the feeding behavior of 
chimpanzees and sympatric cercopithecine monkeys in the Mahale Mountains National Park 
in Tanzania. They found that in times of fruit scarcity, cercopithecine group sizes remained 
stable while the chimpanzees dispersed and searched for fruit individually or as part of 
smaller groups (Matsumoto-Oda et al. 1998). Wrangham et al. (1996) reported that 
chimpanzee party size at Kibale National Park in Uganda was consistently correlated with 
fruit availability, with parties becoming smaller during times of low fruit availability. 
Furthermore, they found that despite abundant THV, the fruit component of the 
chimpanzees' diet was the driving force behind changes in party size (Wrangham et al. 
1996). While factors such as the presence or absence of females in estrus and the risk of 
predation are important and can be more influential on party size than food availability 
(Goodall 1986, Anderson et al. 2002), the relationship between available resources and group 
size is significant. 
Along with variations in party size, the spatial and temporal availability of resources 
may affect other aspects of chimpanzee behavior, including nesting, ranging and tool-use 
behavior. Goodall (1962) was the first to systematically examine chimpanzee nesting 
behavior and reported that the locations of nests were chosen based on proximity to preferred 
fruits. Other studies have since confirmed this. For example, Furuichi et al. (2001) 
estimated the number of chimpanzees by nest count and fruit availability via density of fallen 
fruit in the Kalinzu Forest, Uganda. They found that the density of chimpanzee nests 
decreased as fruit availability in mixed mature forests decreased (Furuichi et al. 2001). 
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Likewise, Balcomb et al. (2000) were able to determine a predictive trend between 
chimpanzee nest density and large, fleshy-fruit tree density In Kibale National Park, Uganda. 
Similarly, Baldwin and colleagues (1982) found that chimpanzees at Mt Assirik selected 
nesting sites based on forest type and proximity to food and water resources. 
Ranging behavior also varies with fruit abundance and scarcity. In response to the 
patchy nature of the landscape at Mt Assirik in Senegal, chimpanzees there have a larger 
home range (based on sightings and nests) compared with chimpanzees in presumably 
resource-rich forested areas (Baldwin et al. 1982). During times of resource scarcity 
however, chimpanzees at Mt Assirik may be restricted to certain locations. Baldwin and 
colleagues (1982) hypothesized that chimpanzees are not limited by water or air temperature 
during the wet season and are thus free to travel in search of preferred food items. During 
the dry season however, the presence of water in scattered patches of gallery forest may 
restrict movement away from these areas and increase competition for food and sleeping sites 
(Baldwin et al. 1982). Likewise, the chimpanzees at Tru· Forest in Cote d' lvoire reduced 
their day range and increased foraging efficiency during the dry seasons when fruit 
availability was assumed to be low (Doran 1997). 
Food scarcity may also increase tool-use behavior. Chimpanzees at Bossou in 
Guinea, have been reported to increase their tool-use activities (e.g. nut cracking and ant 
dipping) in an effort to access otherwise inaccessible foods during times of food scarcity 
(Yamakoshi 1998). Likewise, researchers at Gombe and Mt Assirik reported an increase in 
the amount of termite fishing during the first full month of the rainy season when fruit 
availability is presumed to be at its lowest (McGrew 1992). 
36 
The availability and distribution of resources constantly influences the behavior of 
chimpanzees. As noted above, social organization, the types and amounts of foods eaten, 
nesting behavior, ranging behavior and tool-use have all been correlated with fruit 
availability. Chapman et al. (1994) suggest that the variations in chimpanzee behaviors are 
evolutionary adaptations to temporal variability in resources. These behavioral changes have 
been due to what some would call "natural" occurrences. Rainfall (McGrew et al. 1981), the 
synchronic timing of plants (Tutin et al 1997), competition with other species (Matsumoto-
ada and Kasagula 2000) and the overall landscape of the region (Baldwin et al. 1982) play 
significant roles in the accessibility of adequate resources. However, human activities have 
drastically altered food availability and can therefore be expected to alter chimpanzee 
behavior as well. The following section deals with primate responses to anthropogenic 
changes in the availability of food through agriculture, logging, and wild foodcollecting. 
Behavioral Responses to Human Disturbances 
Although factors such as predation (Isbell 1990) and parasites (Milton 1996) are 
known to reduce primate populations, according to Chivers (1991), the central issue when 
determining primate densities within a habitat is the ability to locate and eat adequate food. 
For example, although there was a sharp decline in primate densities immediately following 
logging in Sumatran forests, Knop and colleagues (2004) showed that the orangutan densities 
in primary forests and 22-year-old selectively logged forests with equal food availability did 
not differ significantly. They suggest that the availability of food rather than disturbance per 
e in thi ca e, was a major factor in determining primate density and habitat use (Knop et al. 
2004). Other uch examples of adjustments to food availability have been documented. In 
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India, lion-tailed macaques (Macaca silenus) acclimated to massive logging episodes by 
abandoning an almost strictly arboreal nature and spending more time feeding on the ground 
(Singh et al. 2001). In western Brazil, Johns (1991) studied changes in primate responses to 
logging and found that small-bodied species with more generalized diets adjusted faster. 
This led to the conclusion that large-bodied frugivores were most susceptible to habitat 
disturbance (Johns 1991). Despite this assertion, chimpanzees have been known to adjust 
behaviorally to altered habitats. 
Several studies have found that chimpanzees are capable of adjusting to logged and 
cultivated areas (Onderdonk and Chapman 2000) and that crop raiding may play an 
important role in making these adjustments (Naughton-Treves 1996, Wrangham et al. 1996). 
Hashimoto (1995) used nest counts along transects to determine chimpanzee densities in the 
Kalinzu Forest, Uganda and found that chimpanzees nested in mechanically logged forests 
more often than unlogged forests. She also noted that, while chimpanzees frequently use 
logged areas at night, they quickly moved into unlogged areas with higher food availability 
in the mornings (Hashimoto 1995). Because the majority of long-term chimpanzee projects 
occur on protected lands, however, our understanding of chimpanzee feeding adjustments to 
anthropogenic changes in habitat has been slow in coming. 
Insight into the ability of chimpanzees to acclimate to new situations may be gained 
from examples where individual chimpanzees have been released into the wild from 
captivity. For example, Stella Brewer's (1978) rehabilitation project at Mt. Assirik in 
Senegal attempted to release captive chimpanzees into an entirely natural environment. She 
worked with a group of eight chimpanzees, teaching them the methods necessary to acquire 
resources, including using stones to get at hard-shelled foods (Brewer 1978). The 
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chimpanzees became increasingly self-sufficient before aggressive interactions with the 
resident wild community forced Brewer to move these chimps to an uninhabited island 
sanctuary within The Gambia (Brewer 1978). 
Hannah and McGrew (1991) chronicled the release of a group of 22 chimpanzees 
onto natural offshore islands in Liberia. The first behavioral adaptation recorded was eating 
local vegetation (Hannah and McGrew 1991). Initially provisioned with bread and fruits, the 
chimpanzees quickly discovered and began to eat several species of fruits and leaves growing 
on the island (Hannah and McGrew 1991). As more chimpanzees were introduced, they 
learned which plants were edible from watching the others (Hannah and McGrew 1991). 
However, while 12 chimps survived, three disappeared, four died due to illnesses, two were 
returned to captivity and one crossed a canal and was killed by wild chimpanzees (Hannah 
and McGrew 1991). Hannah and McGrew (1991) also found that females adjusted more 
successfully than males and that the highest level of mortality fell among those first released 
into a new environment. Individuals in subsequent groups were able to learn from animals 
that had become familiar with the habitat (Hannah and McGrew 1991). 
By studying the responsiveness of primates to environmental change, knowledge is 
gained about the ecological and behavioral characteristics of species. This important 
information is of primary concern for those involved with issues relating to the conservation 
and management of primates in the wild (Box 1991 ). Additionally, while there is growing 
information on the reactions of primates to anthropogenic changes in the environment, there 
have been few long-term comparative studies (Box 1991). 
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Seed Dispersal 
The effect of human activities on the distribution and abundance of plants used by 
primates is well documented. Less known however, is the role primates play in shaping 
forest structure. In tropical areas, primates make up a significant proportion of the vertebrate 
frugivore biomass and are thought of as important seed dispersers for a variety of different 
plant species (Lambert and Garber 1998, Wrangham et al. 1994). This assertion is largely 
based on observations of high rates of primate frugivory, regular exploitation of fruiting 
trees, and presence of intact seeds in feces (Lambert and Garber 1998). In many cases 
however, little is known regarding the role of seed dispersing primates in forest maintenance 
(Wrangham et al. 1994). 
The importance of seed dispersal away from the parent tree has been demonstrated in 
many studies. Howe et al. ( 1985) found that over 99% of fruit that simply fell from parent 
Virola surinamemsis trees were dead within 12 weeks. Schupp (1988) showed that only 7% 
of the seeds of the Faramea occidentalis falling directly beneath the parent tree were viable 
compared with a 24% survival rate of seeds dispersed just five meters away. Researchers 
have thus asserted that fruiting trees depend on frugivores for seed dispersal and that 
maintaining frugivore populations is essential for the regeneration of forests (Chapman and 
Onderdonk 1998, Wrangham et al. 1994). Therefore, human activities that affect seed 
dispersal or fruit production may have consequences for entire ecosystems (Chapman and 
Onderdonk 1998). 
As relatively large bodied, arboreal frugivores, many primate species consume a large 
number of seeds. Lambert ( 1997) quantified the number of seeds consumed by red tailed 
monkeys (Cercopithecus ascanius), blue monkeys (Cercopithecus mitis) and mangabeys 
40 
(Cercocebus albigena) in Kibale National Park, Uganda, and found that these species 
disper ed 446 seeds/ krn2/ day. Also at Kibale, Wrangharn et al. (1994) found that 98.5% of 
chimpanzee feces contained seeds, with an average of 22 large seeds (>2mm) passed per 
defecation. It was e timated that the chimpanzees at Kibale dispersed 369 large seeds/ krn2/ 
day (Chapman and Onderdonk 1998). At Fongoli , preliminary research estimated that 
chimpanzee there di per ed on average approximately 53 Saba senegalensis seeds per 
defecation during the month of May, June and July (Pruetz 2001). 
Sub tantial evidence also indicates that primates improve the viability of seeds that 
have pa ed through their inte tinal system. Lieberman et al . (1979) were able to germinate 
eed from 59 plant pecie found in baboon dung in Ghana, and 75% of the pecie inge ted 
howed improved germination ucce over fre h seeds. In Mexico, seeds from the fece of 
mantled howling monkey (Alouatta palliata) were 22% more likely to germinate than fre h 
eed (E trada and Coate -E trada 1991 ). Likewi e, Wrangharn et al. (1994) examined the 
germination rate of eed that pa ed through the chimpanzee gut and found improved 
germination ucce in all ten pecie te ted. 
De pite the gr wing body of evidence ugge ting the importance of primate eed 
di pe al t f re t , qu ntit ti e tudie are rare. One uch tudy however, ugge t that 
primal ind d d pia ignificant role in fore t maintenance. Chapman and Onderdonk 
mp re f re ted ar ontaining different numbers of eed di persing primate in 
nd ti nal Park in ganda. They found that fore t fragmen where primate 
pulati n h verel redu d had lower dUng den ity and richne than fore 
' ·ith int t prim te h pman and Onderdonk 199 . A the autho point out 
fra ... m nt my ted y oth r variable in luding reduced 
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pollination and microclimate changes associated with increased edge habitat (Chapman and 
Onderdonk 1998). 
While the ecological implications of primate seed dispersal have been the focus of 
many studies, fewer researchers have looked at the economic impact of this behavior. 
Bakuneeta et al. ( 1995) found that a large number of seeds dispersed by chimpanzees in 
Budongo Forest, Uganda, have an economic or cultural value to the people living near the 
forest. Lambert ( 1998) compared the 87 known species of fruit trees consumed by primates 
with a list of species utilized by local people in and around Kibale National Park, Uganda. 
She found that, of the 77 intact seeds dispersed by either one, two, three or all four of the 
frugivorous primates at Kibale, 42% were used by humans (Lambert 1998). This led her to 
conclude that a decline in primate populations might indirectly affect valuable human 
resources (Lambert 1998). The goal of conserving primates is important in itself, but by 
protecting primates and the seed dispersal system in which they participate, important human 
resources may also be conserved (Lambert 1998). This may be particularly important in 
unprotected areas where 90% of Africa's primates exist (Rose and Ammann 1997) and where 
the exploitation of forest resources by people is allowed (Lambert 1998). 
Conclusion 
Where chimpanzees are not hunted, their long-term survival is dependent upon their 
ability to access adequate amounts of food and water. Because of this, several issues 
pertaining to resource availability must be addressed in order to conserve chimpanzee 
populations. For example, the ways in which feeding ecology influences chimpanzee 
distribution, the critical (fallback) foods consumed during periods of food scarcity, and the 
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vulnerability of chimpanzees and their food over time are important factors that need to be 
considered when developing conservation programs (Conklin-Brittain et al. 2000). Isaac and 
Cowlishaw (2004) analyzed a variety of primate traits in an effort to determine patterns of 
vulnerability. They found that strongly frugivorous, large-bodied species that are dependent 
on scarce and patchy resources tend to be more vulnerable to habitat disturbance than 
smaller-bodied folivores (Isaac and Cowlishaw 2004). If such is the case, the Fongoli 
chimpanzee community is vulnerable to disturbances in the availability of preferred fruits. 
43 
CHAPTER4 
METHODOLOGY 
The Study Site 
The Fongoli study site (12° 39'N 12° 13 'W) (Figure 7) is best described as a mosaic 
of plateau, grassland, woodland, ecotone and gallery forest habitats (Pruetz et al. 2002) 
punctuated by areas of disturbed lands where crops such as corn, millet and cotton are grown. 
r 
Scale 
11n : f.21 lcm 
Figure 7: The Fongoli chimpanzee community core area and the three villages focused on in this study. 
Plateaus (Figure 8) are broad, level sheets of bauxite or laterite on top of which few woody 
plant species prosper (Hunt and McGrew 2002). Grassland (Figure 9) consists of seasonal 
tall grasses with sparse, scattered trees (Baldwin et al. 1982). Humans frequently burn these 
areas during the dry season. Woodlands are composed of gentle slopes with the majority of 
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trees less than 10 meters in height and a partially open canopy that allows a sparse understory 
(Hunt and McGrew 2002). Ecotone occurs where water run-off creates patches of 
transitional, woody, evergreen forests (Pruetz et al 2002). Gallery forest (Figures 10 and 11) 
is described as growing from steep-sided watercourses in thin alluvial valleys dissected by 
erosion through laterite pans (Hunt and McGrew 2002). These forests are home to the tallest 
trees and densest canopies relative to other habitat types (Pruetz et al. 2002). Although the 
area is minimally protected through legislation and conservation policies, habitat loss 
remains a potent threat to chimpanzees in Senegal (Carteret al. 2003). The human 
population within the region has expanded from less than 8,000 in 1976 to more than 14,000 
in 1998 (Sall 2000). This population boom has resulted in an increase in the amount of 
disturbed land due to agriculture and ranching, which could be seen even over the period of 
just a few years (personal observation). 
Figure 8: Plateau at the beginning of the wet season. Figure 9: Grassland. 
Figure I 0: Temporary creek through gallery forest 
during wet season. 
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Figure II: Canopy of gallery forest at Fongoli. 
The year consists of two seasons: wet (June-September) and dry (October-May) (Ba 
et al. 1997). In Kedougou, 10 km to the south of the Fongoli study site, the average annual 
rainfall ranges between 900 and 1100 mm and the average annual temperature is 28.2°C with 
an average monthly minimum of 25°C in December and an average monthly maximum of 
33°C in May (Ba et al. 1997). These conditions are similar to those found at Mt Assirik 45 
km northwest of Fongoli, where chimpanzees endure the hottest and driest conditions 
recorded to date (McGrew et al. 1981, Hunt and McGrew 2002), although preliminary 
evidence suggests that Fongoli may be even drier (Pruetz, personal communication). 
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Several small villages are found within and around the chimpanzees' core range area 
(50 km2). Three of them, Djendji, Ngari and Fongoli are the focus of this study. Djendji is a 
village of approximately 140 people (Mbouli Camara, personal communication). The area 
has many hills and valleys and is relatively more remote than the other two villages, with 
roads navigable only during the dry season. Trucks entering the village to collect Saba 
senegalensis are rare. The village is approximately 1.5 km from a permanent water source 
used by chimpanzees and other animals during the dry season. N gari consists of 
approximately 130 people (Dando Kante, personal communication) and is situated on the 
main road connecting Kedougou and Tambacounda. Because of its location and the ease 
with which large trucks can access the village, it is a main deposition spot for Saba 
senegalensis fruit harvested throughout the area. The village of Fongoli is a cluster of homes 
with a population that fluctuates dependent upon the season. During the dry season, the 
population decreases, while in the wet season, when crops are being planted, more people 
enter the area. Approximately 30 people live there permanently (personal observation). The 
village is accessible by road year-round, but due to the small human population, trucks 
transporting Saba senegalensis fruit are not as common as they are at Ngari. Fongoli is the 
main departure area for researchers studying chimpanzees in their core area. 
Data Collection 
Line-transects 
In an effort to compare chimpanzee and human extraction of Saba senegalensis 
between the three villages of Djendji, Fongoli and Ngari, 15 stratified line-transects (Figure 
12) were monitored from May through July 2004. Five parallel transects were made at 500 
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meter interval ranging from 500 to 2500 meter from each village. The tran ect were lOOO 
meters in length and following detection di tance det rmined by Pruetz et al. (2002), 40 
meters wide. Each line-tran ect wa walked in 90 minute increment a total of even time 
throughout the tudy period (table 1). The initial urvey counted the fruit on each Saba 
senegalensis plant marked the plant on a handheld Global Po itioning Sy tern (GPS-
Garmin® E-trex Legend) and noted the habitat type in which they grew. The econd 
urvey measured the amount of each habitat within each tran ect u ing a GPS unit. Three 
urveys focu ed on direct ( ighting ) and indirect (ne ts, fece , feeding remain ) chimpanzee 
"signs" and recorded the habitat in which they were found. One urvey wa dedicated to 
measuring the di tance between ne t and Saba senegalensis vine . Finally, a urvey 
counted the number of Saba senegalensis fruit remaining on each plant and recorded 
evidence left under each Iiana in an effort to determine which specie extracted the fruit. 
Dates Activites 
5/15/04-5/28/04 Initial Saba fruit count 
5/29/04-6/06/04 Measurement of habitats 
6/07/04-6/15/04 Measurement of nests to Saba vines 
6/16/04-6/25/04 Search for chimpanzee traces 
6/26/04-7/05/04 Search for chimpanzee traces 
7/06/04-7/16/04 Search for chimpanzee traces 
7/1 8/04-7/26/04 Final Saba fruit count 
Table 1: Schedule of transect surveys. 
Line transects at the Fongoli study site 
Mapmart 2005 
Legend 
e Village 
• Saba 
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- Line-transects 
·1/Jjj 
Ngari line-transects 
Fongoh line-transects 
Djendji line-transects 
Figure 12: Map of the Fongoli study site showing the villages of Ngari, Fongoli 
and Djendji. Five transects were surveyed near each village. The three inserts 
show each transect and Saba senegalensis vine. 
The difference in Saba senegalensis counts from the first survey and the last survey was 
scored as due to human, chimpanzee, or monkey extraction. Fruit that could not be scored 
was marked as "unknown". Fruit still on the vine was scored as "remaining". Human scores 
were based on signs left under the vines that included: bamboo poles used to reach fruit in 
the upper levels of the vines, bark rope used to fasten blades to the bamboo poles (Figures 13 
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and 14), and twigs of the vines that are often cut during the process of extraction and show 
distinct patterns of breakage due to the bamboo poles. Chimpanzee scores were based on the 
presence of feces and the manner in which the exterior of the fruit was halved, with little 
tooth or scratch marks on husks. Monkey scores were attributed to baboons, patas monkeys 
or vervet monkeys and based on the presence of uneaten seeds and particular scratch and 
tooth marks found on the exterior of the fruit. 
Figure 13: Man with bamboo pole for collecting Saba fruit. Figure 14: Bamboo pole found near Saba vines. 
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Additionally, monkeys tend to break the husks into smaller pieces as opposed to the larger 
"halves" that is characteristic of chimpanzee feeding (Pruetz, personal communication). In 
the event of multiple signs, the scores were divided. Worthy of note, fruit scored as 
"unknown" may have been picked directly by humans without leaving signs as this could be 
achieved by using ones hands. Chimpanzees could presumably do this as well, but I assumed 
here that this was unlikely to happen without other signs present. 
Chimpanzee Observations 
While not surveying line-transects, attempts were made to observe chimpanzee 
behavior. Chimpanzees were most often found by listening for vocalizations and then 
searching in the areas where the sounds were thought to have come from. Once found, 
habitat type, party size (defined as coordinated behavior among individuals by Newton-
Fisher 1999), sex, age (adult, sub-adult, juvenile, adolescent, infant) and any feeding 
observations were recorded. Data on chimpanzee feeding behavior presented in this study 
represent a compilation of observations from four researchers working at the Fongoli study 
site during the study period and will focus on foods eaten and habitat type. 
Chimpanzee Density 
For conservation plans to be correctly implemented, animal density must be reliably 
estimated. The use of nests along line-transects has been used to determine chimpanzee 
density within a given area in many locations. Developed by Ghiglieri (1984), the following 
equation incorporates the number of nests counted, total strip length and strip width 
measured, observer efficiency and the average life span of the nests. For this study, the life 
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span of nests (124 days) at Fongoli is estimated based on studies conducted in Cote d' Ivoire 
(Marchesi et al. 1995). It is assumed that chimpanzees at this site build a new nest every 
night. Observer efficiency was estimated at 95% based on the number of times the line-
transects were surveyed and the familiarity with the area which the observer maintained. 
Chimpanzeeslkm2= x #of nests counted x x 
#of nests/chimpanzee/day strip width (km) x strip length (km) observer efficiency life span of nests 
Nest Distance to Saba senegalensis 
Goodall (1962) reported that food availability influenced the location of chimpanzee 
nesting sites at Gombe National Park, Tanzania. In order to better understand the importance 
of Saba senegalensis to chimpanzee behavior, nests found along the line-transects were 
measured regarding distance to Saba senegalensis plants to see if the proximity of fruit 
played a role in nesting location. Nests were recorded as fresh, recent, old, or rotted based on 
criteria established by Tutin and Fernandez (1984) but revised to fit the Fongoli site. Nests 
with all green leaves and traces of urine were considered fresh. Nests with mostly green 
leaves were considered recent. Nests with all brown leaves were considered old. Nests 
lacking leaves were considered rotted. Fresh and recent nests were assumed to be created 
when the Saba senegalensis was ripe (May-June), while those determined old or rotted were 
considered to be constructed before May, when Saba is not considered a main portion of the 
chimpanzees' diet based on fecal samples analyzed by Pruetz (unpublished data). The nest 
distances were measured from the base of the Saba plants to the trunk of the tree using a 
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standard field tape measure. In circumstances where Saba senegalensis vines were 
intertwined with nesting trees, a distance of one meter was recorded. 
Interviews 
To more fully comprehend the role of Saba senegalensis in relation to the people 
inhabiting the area, a major goal of this project was to quantify the importance of the fruit to 
humans. To do this, interviews and observations were conducted opportunistically at the end 
of the study period when humans no longer harvested Saba fruit. Interviewees were asked to 
rank the most important wild-growing plants found in the area and list their uses. 
Comparisons were then made with plants used by chimpanzees within the area based on a list 
created by Pruetz (2005) . Data were also collected on the number of 50-kg rice sacks of 
Saba senegalensis fruit each person collected. 
Human Encounters in the Field 
Researchers working at the Fongoli study site occasionally encounter local people 
while out in the field. Encounters occurred when humans were seen or heard (including 
gunshots). These encounters within the chimpanzees' core range were collected by a total of 
three observers throughout the study period. Attempts were made to identify party size, 
habitat, activities, and gender of humans, although vegetation made many of these 
observations difficult. Activities recorded included collecting Saba senegalensis fruit or 
other plants, working fields, commuting, hunting and gunshots. 
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CHAPTERS 
RESULTS 
This chapter is divided into two main sections. The first section presents the results 
of the field surveys while the second section examines the human dimension and presents the 
results of the interviews and human observations. 
Field Survey Analysis 
Habitat 
Results of the habitat measurements (Figure 15) show that grassland predominates the 
landscape, accounting for 45% of the area within the line-transects. Woodland, plateau, and 
disturbed areas accounted for 24%, 16%, and 8% of the total areas surveyed respectively. 
Ecotone forest accounted for 5% of the area, while gallery forest comprised 2%. 
disturbed gallery ecotone 
plateau 
16% 
grassland 
45% 
24% 
Figure 15: The percentage of habitat types at the Fongoli study site 
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Percentages of habitats found near Djendji, Ngari and Fongoli are shown in figure 16. 
All three villages had high proportions of wooded grassland and low proportions of gallery 
forests. Djendji had the highest proportions of disturbed and grassland habitats. Fongoli 
had the highest proportions of woodland and the lowest proportions of disturbed habitats. 
Ngari had the highest proportions of gallery forest and plateau and the lowest proportions of 
woodland habitats. Grassland makes up the majority of habitat near all villages while gallery 
forest accounts for the least amount. 
Profile of Habitat by Village 
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Figure 16: Percentage of habitat types measured near Djendji , Ngari, and Fongoli . 
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Saba senegalensis Counts 
The initial survey of Saba senegalensis found a total of 2868 fruit (4780 fruit/ km2) 
growing on 119 plants along the line-transects. The average number of fruit was just over 24 
per plant and ranged from 1-74. Using these numbers, it was estimated that there were 
/ 
approximately 239,000 fruit in the 50 km2 core area used by chimpanzees. 
The amount of fruit recorded differed significantly between habitats (x2 = 706.18, d.f. 
= 8, P < 0.0001 ,). The majority of fruit was found in woodland areas (1795, 63%) followed 
by gallery forest ( 492, 17% ), grassland ( 464, 16%) and ecotone (117, 4% ). Saba 
senegalensis fruit was not found growing in disturbed or plateau habitats. The density of 
fruit within each habitat also differed substantially (Figure 17). In gallery forest, Saba 
senegalensis density was 41 ,000 fruit/ km2• In woodland habitat, Saba density was 12,465 
fruit I km2• In ecotone forests, Saba senegalensis density equaled 3900 fruit I km2. In 
grassland habitat, Saba density equaled 1719 fruit I km2• 
Density of Saba senega/ensis Within Habitats 
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gallery ecotone woodland grassland 
Figure 17: Density of Saba senegalensis fruit within each habitat. The fruit density is over three ti mes as high in 
gallery forest as it is in woodland. 
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The initial Saba senegalensis counts also revealed significant differences between 
Djendji , Ngari and Fongoli and the habitats in which the fruit was found there (, x2 = 
508.6609, d.f. = 6, P < .0001, Figures 18 and 19). Line-transects near Djendji included 568 
fruit with a density estimated at 2840 fruit/ km2• At Ngari, 886 fruit were recorded with an 
estimated density of 4430 fruit/ km2• Fongoli had the highest number of fruit with a total of 
1414 and a density estimated at 7070 fruit/ km2• Overall, fruit density was highest in gallery 
forest habitat near Fongoli and lowest in grassland habitat near Djendji. 
Saba senegalensis Fruit Density Near Villages 
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Figure 18: The density of Saba senegalensis fruit measured near Djendji , Ngari and Fongoli . 
Saba senegalensis Fruit Density Within Habitats 
Near Villages 
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Figure 19: The density of Saba senegalensis fruit recorded in each habitat near each vi llage. 
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Saba senegalensis Extraction 
The difference in the number of fruit counted during the first and last survey was used 
to score the extraction of Saba senegalensis fruit (Figure 20). Based on evidence at each 
vine, results suggest that chimpanzees, humans and monkeys removed 12.5% (n = 359), 
24.2% (n = 694.5) and 13.7% (n = 392.5) of fruit respectively. A total of 32.6% (n = 935) of 
the fruit remained on the vines while another 17% (n = 487) of the fruit could not be reliably 
scored and was marked as "unknown". 
Results also showed that use differed significantly at each village. Humans extracted 
more fruit (n = 388.5) from the area near Ngari than from any other region. Chimpanzees 
used more fruit near Fongoli (n = 349) while using very little fruit near the other villages (n = 
10 at Djendji, n = 0 at Ngari). In general, chimpanzees were found to use Saba senegalensis 
most often in areas near Fongoli while humans primarily harvested the fruit near Ngari. 
Chimpanzees were not found to use Saba senegalensis fruit near Ngari. 
Proportion of Saba senegalensis fruit used near each village 
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Figure 20: The proportion of Saba senegalensis fruit scored at each village. 
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The use of Saba senegalensis by chimpanzees and humans differed significantly Cx2 = 
487.50, d.f. = 3, P < .0001) according to habitat types (Figure 21). Over 62% (n = 224) of 
fruit used by chimpanzees was taken from gallery forests while nearly 20% (n = 71) was 
taken from ecotone forests and another 18% (n = 64) was taken from woodland. Of the fruit 
extracted by humans, over 60% (n = 419) was from woodland habitats, while more than 25% 
(n = 177) was taken from grassland. Humans used gallery forests and ecotone to a much 
lesser extant, as each habitat accounted for 8% (n = 57) and 6% (n = 41.5) of the total 
number of fruit harvested respectively. Chimpanzees were found to utilize fruit in gallery 
forest habitats while humans harvested fruit primarily from woodland habitats . 
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Figure 2 1: The proportion of fruit used by chimpanzees and humans within different habitats. 
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Chimpanzee Traces 
Surveys recorded 105 chimpanzee traces along the line-transects (Figure 22). A total 
of 39% (n = 41) were found in woodland, 29% (n = 31) in gallery forest, 23 % (n = 24) in 
ecotone, 4% (n = 4) in grassland and less than 2% in both plateau (n =2) and disturbed (n =2) 
habitats. 
Chimpanzee Traces in Different Habitats 
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Figure 22: Number of chimpanzee traces within different habitats showing habitat use by Fongoli chimpanzees 
Chimpanzee Observations 
Four researchers (M. Waller, J. Pruetz, S. Bogart, and M. Gaspersie) at the Fongoli 
study site observed chimpanzees feeding on 65 occasions during the study period (Pruetz, 
unpublished data). Feeding occurred in woodland (45%, n = 29), gallery forest (43%, n = 
28), ecotone (1 0%, n = 7), and grassland (2%, n = 1) habitats. The fruit of Saba senegalensis 
was the most frequently observed food eaten (25%, n = 16). Observations of Saba 
senegalensis fruit feeding were recorded in gallery forest (63.5%, n = 10), woodland (25%, n 
= 4), and ecotone (12.5%, n = 2) habitats. 
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Chimp D n ity 
A total of 67 ne t w r r rd d within the line-tran ect . U ing Ghiglieri' ( 1984) 
equation thi amount to a den ity of 0.95 chimpanzee I km2 and ugge t that 47 
chimpanzee may u e the 50 km2 core area at variou time of the year. A econd calculation 
was done without the u e of rotted ne t and howed a den ity of 0.41 chimpanzee I km2 and 
core u e by nearly 21 chimpanzee . 
Ne t Di tance to Saba senega/en is 
A total of 25 ne t were marked a fre h or recent. The remaining 42 ne t were 
marked as old or rotted. Di tance from fre h and recent ne t to Saba senegalensis vine 
were significantly different compared with ne ts marked old or rotted CANOVA F = 7.63, d.f. 
= 66, P < 0.0001). Fresh and recent ne ts averaged 11.8 meter from Saba senegalensis 
vines and ranged between one and 58.1 meter from Saba senegalensis vine . Old and rotted 
nests averaged 28.3 meter from Saba senegalensis and ranged from between one and 216.4 
meters from Saba senegalensis vines. Nest were observed in di turbed ( 1.5%, n = 1 ), 
gallery forest (16%, n = 11 ), woodland (27%, n = 18) and ecotone (55%, n = 37) habitats. 
Nest ages along transects near villages also differed. Of the 25 nests marked fresh or 
recent, 23 were along transects near Fongoli, two near Djendji and none near Ngari. Of the 
42 nests marked old or rotted, 14 were near Fongoli, 22 near Djendji and six near Ngari. 
The Human Dim n ion 
Int rvi w of 47 p pi (25 male 22 ~ male ,) wer conducted thr ughout the area. 
Subject were a k d to rank the fi e mo t important wild plant u ed in thi region. 
Interviewee named 47 plant that grew in the area (Table I , Appendix A). Score were 
gi en to each plant (5 being the highe t ranked and mo t important, I being the fifth ranked 
plant in importance) and compiled in an effort to rank the overall importance of plant 
according to the people who u e them (Figure 21 ). The hea butter tree (Vite/laria 
paradoxa) wa the highe t ranked plant pecie . It eed are u ed to make cooking oil and 
the fruit i eaten. The Saba senegalensi vine wa the econd highe t ranked plant. U e 
li ted included food, medicine and rope. The majority of plant were u ed for food (n = 25) 
although everal were u ed for medical purpo e (n = 15). Other u e included rope , oap, 
boats, wood, and patches for bicycle tires. Of the 47 plant ranked, only 29 were identified. 
Of those, 25 are known to be u ed by chimpanzee ba ed on a li t compiled by Pruetz (2005). 
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Scientific Name Malinke Name Human Use Chimpanzee Use* 
1.) Vitellaria paradoxa Se food/oil yes 
2.) Saba senegalensis Kaba food/rope/meds yes 
3.) Adansonia digitata Sita food/rope/meds yes 
4.) Tamarindus indica Timbingo food yes 
5.) Cola cordifolia Taba food/meds yes 
6.) Pterocarpus erinaceus Keno meds/animals yes 
7.) Combretum species Djambakata meds no 
8.) Cordyla pinnata Dougata food/meds yes 
9 .) Zizyphus mauritania Djib-djib food yes 
I 0.) Parkia biglobosa Nette food/meds yes 
II.) Mitrgyna inermis Djungo meds unknown 
12.) Ceiba pentandra Ban tan food/meds yes 
13.) Khaya senegalensis Djallo food/soap/pirogue unknown 
14.) Ficus ingens Sayho food yes 
15.) Spondias mombin Minkon food yes 
16.) Landolphia heudelotti Fole food/bicycles yes 
Table 2: The 16 most important wild plants in the Tomboronkoto region of southeastern Senegal as 
ranked by humans who use them. *Based on indirect (fecal samples) and direct observations (Pruetz 
unpublished data). For a complete list see appendix A. 
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Plant Scores 
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Figure 23: The ranking scores of the 16 most important plants as chosen by local people. Table 1 includes 
the corresponding name of the plants. Saba senegalensis is ranked second. 
The interviewees were also asked to list the amount of Saba senegalensis fruit 
collected in terms of the 50 kg rice sacks typically used for transport. Of the 25 men 
surveyed, 16 of them collected a seasonal total of 154 sacks (average 9.63, range 1-39). 
Using Knutsen's (2003) estimates of 500 fruit per sack and 21 seeds per fruit, this study 
suggests that the men interviewed extracted a total of 77,000 fruit, or 1,617,000 seeds during 
the 2004 Saba senegalensis season. Of the 22 women interviewed, 15 collected at least one 
sack of fruit. The total number of sacks collected by these women was 63 (average 4.2, 
range 1-10). Again using Knutsen's (2003) estimates, the women interviewed extracted 
approximately 31,500 fruit, or 661 ,500 seeds in 2004. Using these numbers, it is possible to 
extrapolate that the 300 people who inhabit these villages have extracted a total of 692,553 
fruit, or 14,543,617 seeds during the Saba senegalensis season. 
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Human Observations in the Field 
Three observers (MTW, JDP, SB) recorded a total of 69 human encounters within the 
chimpanzee's core area during the study period. Of these encounters, 27 involved people 
collecting Saba senegalensis fruit, 15 involved activities related to agriculture, and 13 
involved gunshots or hunting. Because many of the human encounters occurred at long 
distances and in dense vegetation, data on the number of people within a party and the gender 
of each individual was difficult to obtain. 
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Chapter 6 
IMPLICATIONS 
This study sought to measure and analyze the competition between chimpanzees and 
humans over the wild fruit of the Saba senegalensis vine at the Fongoli study site in 
southeastern Senegal. Specific research objectives were: 
1.) To determine the amount of Saba senegalensis fruit extracted by humans and 
chimpanzees; 
2.) To analyze habitat use by chimpanzees and humans during the Saba senegalensis 
season; and 
3.) To determine the importance of Saba senegalensis and other wild plants to 
humans living within the region. 
Here, I will discuss the results of this study and how they relate to the conservation of 
chimpanzees at Fongoli. 
Saba senegalensis and Chimpanzees 
With the highest density of Saba senegalensis, it is not surprising to find that 
chimpanzees primarily forage for this fruit in the gallery forest habitat near Fongoli. Despite 
evidence of chimpanzee use (direct observations and nests) and the initial presence of large 
amounts of Saba senegalensis fruit in woodland habitats, chimpanzees did not forage for 
Saba senegalensis within these habitats very often. This could be due to two reasons. The 
high density of fruit within gallery forests may provide chimpanzees with an ample amount 
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of fruit. As has been seen at other sites, the chimpanzees at Fongoli may limit their daily 
ranging behavior to areas of high fruit density, while at the same time increasing foraging 
efficiency (Baldwin et al. 1982, Doran 1997). Alternatively, humans may be removing Saba 
senegalensis fruit from woodland habitats before chimpanzees can exploit it. The 
combination of the relative ease in which humans can move in woodland compared with 
gallery forest (personal observation) and the fact that humans extract Saba senegalensis early 
in the season (when the fruit is not fully ripe to ensure freshness when it arrives at distant 
markets [Knutsen 2003]), suggests that the fruit may be largely depleted in woodland habitat. 
Even given a relatively high percentage of gallery forest habitat, chimpanzees were 
not found foraging for Saba senegalensis fruit in the area near Ngari. Of the relatively few 
traces found, all were old or rotted nests. Chimpanzee avoidance of the area near Ngari may 
be the result of a higher percentage of disturbed land or the consequences of long-term Saba 
senegalensis extraction by humans. 
The low density of Saba senegalensis fruit and the subsequent absence of 
chimpanzees in the area around Djendji may be explained by the varying topography and the 
large amount of disturbed land. The chimpanzee traces that were discovered there might also 
be attributable to the presence of a permanent water source in the area. This suggests that, as 
the wet season developed, the importance of this water source decreased and chimpanzees 
were then capable of selecting areas based on food rather than water availability. 
Consequently, of the 24 nests along the line-transects near Djendji, only two were considered 
fresh or recent, while 22 were marked as old or rotted. 
According to Pruetz (2005), Saba senegalensis fruit is likely to be the most essential 
food resource for the Fongoli community of chimpanzees during the months of May-June. 
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Thi tudy upports that claim. Chimpanzee were found to extract 12.5% of the fruit 
counted along the line-tran ects. The percentage of fruit extraction near the Fongoli illage 
was even higher, where chimpanzee u ed nearly 25% of the total fruit initially counted in 
the area. The importance of Saba enegalen is fruit to chimpanzee i al o evident in ne ting 
behavior. Re ul how that chimpanzee ne ted ignificantly clo er to Saba senega/en i 
vine. during p ri d when the fruit i ripe compared to period when it i not. Additionally, 
data on himpanzee feeding beha ior during the tudy period revealed that Saba enegalen i 
wa th f d m toft neaten. The ere ults ugge t that chimpanzee adju t their beha ior 
in r lati n l th I ation and abundance of Saba sene alensis at the Fongoli tudy ite. 
lmponan 
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ease in which humans can move within this habitat. Because of the influx of humans, 
chimpanzees may be avoiding woodland habitats although factors such as heat stress should 
be considered (Pruetz, personal communication). 
Interviews conducted determined that wild plant resources are important to the people 
living in this area. A total of 47 plant species were listed and ranked. Saba senegalensis was 
the second highest ranked plant, demonstrating its usefulness as a means of subsistence and 
income. Knutsen (2003) reported that Saba senegalensis fruit was an important source of 
money for women who used the income earned to buy the necessary foods, clothing and 
medicine for their entire family. Once considered a task for women and children (Knutsen 
2003), the results of the interviews conducted suggest that, as the Saba senega/ens is market 
becomes more commercial and profitable, more men are collecting the fruit. This is 
significant as, unlike the majority of women living in the region, men are not responsible for 
the cooking and daily household chores and are thus capable of collecting more fruit. 
Due to the increasing population within the region, there are more people using more 
resources at a more intense level (Knutsen 2003). Wild and Mutebi (1996) note that as 
resources become more commercialized, the chances for sustainable use decreases. As the 
fruit of the Saba senegalensis vine becomes successfully marketable, one can predict that the 
extraction of thi fruit within the Fongoli study area will increase. Evidence for this already 
exi t in the increasing number of men who are participating in the Saba senegalensis 
harve t. A the number of people collecting this fruit increases and the density of the fruit 
near Ngari decrea e , it can be expected that people living in this area will increasingly range 
into the urrounding area and habitats, further depleting the region of Saba senegalensis 
eed and re tricting the availability of fruit for chimpanzees. 
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Conservation Strategy 
De cribed as the cience of scarcity and abundance (Van Dyke 2003), the goal of 
conservation biology i to provide principle and tools for preserving biological diversity 
(Soule 1985). Cowli haw and Dunbar (2000) list four principal components necessary to 
formulate a successful conservation plan: 1) define the strategic goals; 2) identify the relative 
units of conservation (species, communities, ecosystems); 3) evaluate the units and rank them 
in order of urgency, taking into account the strategic goals, time limits and resources 
available; and 4) present realistic tactics that have the potential for rapid implementation. 
Several other components such as budgets, research proposals diagnosing specific threats, 
and criteria for evaluating success may also be included (Cowlishaw and Dunbar 2000). 
In response to the reduction of wild chimpanzee populations in Africa by more than 
66% over the past 30 years, an action plan has been created with the goals of halting or 
reversing the decline, focusing on West Africa (Kormos 2003). The overall aim of the action 
plan was to: 
1) create a synthesis of available information on West African chimpanzees, 
2) analyze the factors that have led, or are leading to, a decline in chimpanzee 
population, 
3) provide a review of the size and distribution of the chimpanzee populations in 
West Africa and 
4) present a prioritized list of sites and actions for chimpanzee conservation 
(Kormos 2003). 
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Policy Recommendations 
This section examines the legislative and policy recommendations proposed by 
Kormos (2003) for the protection of West African chimpanzees and makes specific 
recommendations based on the current study. Although there is a general consensus that that 
the loss of habitat due to agriculture and hunting are the two largest threats facing 
chimpanzees, conservation policies should be site specific. Recommendations for 
chimpanzee conservation in Senegal have been listed by Carter and colleagues (2003). They 
suggest that, in order to successfully conserve chimpanzees in Senegal, complete surveys 
must be conducted, educational activities that raise awareness must be initiated, legislation 
must be revised, and solutions to competition between chimpanzees and humans over access 
to resources must be sought (Carteret al. 2003). 
Referring to competition between chimpanzees and humans over Saba senegalensis, 
Carteret al. (2003) recommend that a survey of fruit density and distribution be conducted in 
areas of high chimpanzee density and that a moratorium on Saba senegalensis harvesting 
should be imposed until the level of sustainability has been assessed. Other possible tactics 
should include more stringent control of the harvest in the form of paid permits, identifying 
specific areas for chimpanzee harvests and those for humans and rotating areas of harvest 
from year to year to allow fruit to regenerate (Carter 2003). 
Without knowing the regeneration rate of Saba senegalensis, it is difficult to estimate 
the sustainability of human extraction. The large removal of seeds by humans estimated by 
Knutsen (2003) and this study however, suggests that current levels of extraction may not be 
sustainable over the long-term. Action must be taken to curb the effects caused by human 
extraction. While Carter and colleagues (2003) recommend a moratorium on Saba 
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senegalensis harvests, caution is advised. As Wild and Mutebi ( 1996) have demonstrated, 
the prohibition of wild resource use by humans ultimately leads to a higher demand, 
increased value, and more people illegally extracting the product. Furthermore, the 
elimination of an important resource for people may alter attitudes and increase animosity 
toward the chimpanzees living there. Likewise, the use of paid permits, designated 
extraction sites and rotational periods may be problematic. Without the resources to 
guarantee proper enforcement, these tactics will likely fail. 
Many issues must be addressed to ensure the long-term survival of the Fongoli 
community of chimpanzees. The single most beneficial plan of action would be the 
establishment of a chimpanzee refuge where the agricultural alteration of land is prohibited 
and the extraction of wild resources such as Saba senegalensis is monitored. To do this 
successfully, community involvement must be sought. This could be done several ways but 
ultimately must involve demonstrable benefits associated with intact habitats and a healthy 
community of chimpanzees that create incentives to conserve. Tourism and employment are 
potential sources of income created by refuge areas, while long-term utilization of resources 
such as Saba senegalensis may act as an incentive to protecting the land and using 
sustainable methods. Once community awareness and support has been raised and a refuge 
established, policies including the use of paid permits, rotational areas, and designated 
chimpanzee sites could be enacted. 
While the establishment of a protected refuge would clearly benefit chimpanzees, 
such an endeavor may be financially out of reach. The staggering amount of foreign debt 
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As reported by Knutsen (2003), population growth combined with the substantial income 
derived from the extraction and sale of this fruit has caused more people to become involved 
in its harvest. As evidenced by the high ranking attributed to Saba senegalensis and the large 
percentage of fruit extracted from the study site, the number of people harvesting this fruit 
can be expected to increase, raising the probability of direct competition with chimpanzees. 
Limitations of Study 
Although this research has allowed greater insight into the relationship between 
chimpanzees, humans and Saba senegalensis, a note of caution is necessary when analyzing 
the data produced during this study. Results of the line-transects reveal a Saba senegalensis 
density of 4780 fruitfkm2• Using this density, it has been estimated that the 50 km2 study 
area holds 239,000 fruit with approximately 5,019,000 seeds. The results from both 
Knutsen's (2003) study and the interviews from this study have suggested that humans living 
in the area are extracting nearly three times this amount (692,553 fruit, or 14,543,617 seeds). 
Thi uggest that either the fruit counted within the line-transects is not indicative of the 
overall fruit den ity within the area or humans are using a larger area. Given the distances 
between village and given that humans may travel over 20 km in a single day in search of 
the fruit (Knut en 2003), human are mo t likely extracting fruit from a much larger area. 
Another note of caution i nece ary when considering chimpanzee density. 
Although population den ity of chimpanzee is be t estimated u ing long-term tudie , this i 
not alway practical. Becau e of the emj-habituated tatu of the chimpanzee at Fongoli, 
n t ha e be n u ed toe timate den ity. Thi mu t be done with caution, as there are 
probl m inherent with thi te hnique. Furuichi and colleague (200 l note that, even though 
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the life span of nests is typically estimated for individual sites, variability is high between 
habitats and seasons. The inclusion of rotted nests in this study, combined with the small 
sample size, may result in increased variability of the estimated life-span. The elimination of 
the rotted nests produces an overall density estimate of 0.41 chimpanzees/ km2 and an 
estimated population of nearly 21 chimpanzees using the 50 km2 study area. This density 
coincides more closely with the number of chimpanzees that have been reliably identified. 
As more information on the life-span of nests at Fongoli is obtained, the reliability of using 
nests to estimate density should increase. 
Furthermore, because of the short duration of the research (a single season) and small 
sample size of chimpanzee signs and observations, the results pertaining to habitat use and 
nesting behavior should be considered descriptive rather than predictive. Although the 
results presented here could be used to create testable hypotheses pertaining to the Fongoli 
study area, they cannot be generalized to broader populations. The variability in which 
chimpanzees behave and the environments they inhabit makes such generalizations invalid. 
Finally, the diversity of languages spoken in the Tomboronkoto region restricted the 
depth of the interviews. Although I have a rudimentary understanding of French and 
excellent translators, certain aspects of the interviews may not have been fully 
comprehended. To compensate for this, interviews consisted of basic questions (see 
appendix B). 
Suggested Future Research 
A the chimpanzee become better habituated to the presence of observers, future 
re earch that examines eed di persal and feeding behavior will further illuminate the 
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relationship between Saba senegalensis and chimpanzees. Counting the number of fruit 
eaten in one day may be a better estimate of Saba senegalensis use by chimpanzees, while 
using ali-day follows and GPS equipment, marking feeding trees, and charting fecal deposits, 
may help illuminate the role Fongoli chimpanzees have as seed dispersers. 
To accurately estimate the effect human extraction of Saba senegalensis seeds has on 
the future of the plant, more information is necessary regarding the regeneration rate of the 
vines, seed bank viability, and seed to plant probability. This will allow, given current rates 
of extraction, the opportunity to construct a reasonable scenario describing the sustainability 
of the Saba senegalensis harvest over time. Also, research examining the feasibility of 
raising Saba senegalensis as a domestic crop should be considered. 
The relationship between chimpanzees, humans, and Saba senegalensis is complex. 
The fact that humans are using Saba senegalensis at a rate that seems unsustainable does not 
bode well for the chimpanzees or humans living in the Tomboronkoto region, who have 
come to rely on this fruit at a time of overall food scarcity. Despite this, it may be possible 
that some good can come from the human use of wild resources including Saba senegalensis, 
if it is done sustainably. 
At least 90% of Africa's primates live outside of protected areas (Rose and Ammann 
1997). Because it appears that the strict protection of habitats in light of growing human 
populations is becoming less pragmatic, it is essential to recognize that conservation will 
need to be achieved by means of cooperation within social space (Hutton and Leader-
Williams 2003). Long-term access to wild plants that are economically beneficial may create 
incentives for saving the remaining forested habitats. To successfully do this will require a 
multidisciplinary approach. The combination of ecological field studies and socioeconomic 
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APPENDIXB 
Interview Questions 
Interview Setting: describe location and people present. 
Background: Age, gender, village and language spoken were recorded. 
Questions: 
1.) Interviewees were first asked to rank the five wild growing plants they 
considered most important. 
2.) How are these plants used? 
3.) Do you collect Saba senegalensis? 
4.) How many sacks of Saba senegalensis did you collect this season? 
5.) How much money did you earn from Saba senegalensis? 
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analysis should be used as an important conservation tool and primatology's relationship to 
anthropology makes it an obvious candidate to initiate such activities. 
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APPENDIX A 
Plant Species Used by Humans in the Tomboronkoto Region 
Scientific Name Malinke Name Chimpanzee Use Human Uses 
Acacia ehrenberg/ana Ganinkoyo yes Food 
Adansonia dlgitata Sita yes Food/Rope/Medicine 
Afzelia africana Lenke yes Medicine 
A/lophylis africanus lrindingo yes Wood 
Cola cord/folia Taba yes Food/Medicine 
Combretum spp. Djambakata no Medicine 
Cordyla pinnata Dougata yes Food 
Daniel/a olivieri Santango yes Food 
Diospyros mespiliformes Kukuo yes Food 
Ficus ingens Sayho yes Food 
Khaya senegalensis Djallo unknown Food/Soap/Pirougue 
Landophia heudelotti Fole yes Food/Bike Tires 
Lannea acida Bintinklingo yes Food 
Lannea microcarpa Fekho yes Food 
Mitrgyna inermis Djungo unknown Medicine 
Nauclea latifolia Battio yes Food 
Oxytenanthera abyssinica Bo yes Wood 
Parkia biglobosa Nete yes Food/Medicine 
Piliostigma thonningii Fara yes Rope/Food 
Pterocarpus erinaceus Keno yes Medicine 
Saba senegalensis Kaba yes Food/Rope/Medicine 
Spondias mombin Minkon yes Food 
Sterculia setigera Kunkusita yes Food 
Strychnos spinosa Kara yes Food 
Tamarindus indica Tim bingo yes Food 
Vitellaria paradoxa Se yes Food/Oil 
Vitex madiensis Kutifingo yes Food 
Zizyphus mauritania Tomborongo yes Food 
Ximenia americana Sene yes Food 
unknown Bantan unknown Food 
unknown Bintango unknown Food/Medicine 
unknown Djajungo unknown Medicine 
unknown Djuta unknown Wood 
unknown galingo unknown Wood 
unknown Kankanamo unknown Medicine 
unknown Kinkano unknown Food 
unknown Konkungho unknown Medicine 
unknown Mankanaso unknown Food 
unknown Magalingtano unknown Medicine 
unknown Mazazonka unknown Medicine 
unknown Mogoido unknown Wood 
unknown Ouvesese unknown Medicine 
unknown Poh-poh unknown Wood 
unknown San tan unknown Medicine 
unknown Sinjano unknown Medicine 
unknown Talo unknown Agriculture 
unknown Tamara unknown Food 
